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DACKGR0UNB OF THE INVENTION 
' * This invention concerns an apparatus and method for reacting; 

• Ion matter, particularly to change its chemical properties and to 

;: ^create chemical reactions with respect to such matter by intro- 
; jducing the matter into a reaction chamber as one or more streams 

: !of particles, gas, liquid or plasma or a combination of such forms 

\ 

sof matter and reacting on such matter by directing one or more 

I \ / 

: 1 beams of radiant energy, such as coherent light energy generated 
'by a laser or a plurality of lasers wherein such radiant energy 
if i t serves to initiate or complete the desired chemical reaction. 

. , ■ . j Description of the Prior Art 

^ j Before the making of the instant invention, it was known to 

; generate and effect chemical reactions in liquids and gases by 
such processes as combustion of such liquids and gases, by elec- 
trical ignitiencmeaasj^ by radio frequency energy applied from an 
external source of same, by the injection and ignition of fuel, 
by electrical resistence heating and by heat transfer means energ- 
ized from an external source. The prior art processes were all 
limited in their application and had various shortcomings . For 
example, combustion of reaction products is difficult to control 
, and may be incomplete resulting in unwanted products of reaction. 
, Combustion of fuel in the reaction zone may also contaminate the 
j products of the chemical reaction. 



Summary Of The Invention 



This invention relates to chemical and physical 
reactions, particularly resulting from the intersection of 
one or more radiation beams with one or more chemicals, pref- 
erably in a fluent condition such as in a gaseous, liquid, 
vaporous or plasma state. The chemicals may be intermittently 
or continuously flowed along one or more given paths to a 
reaction zone and made to intersect each other at or before 
such reaction zone and are intersected by one or more radia- 
tion beams which serve to transfer radiant energy to such 
chemical or chemicals and to thereby affect a chemical 
reaction or reactions therewith. In a particular form of 
the invention, one or more solid particles may also be intro- 
duced into the reaction zone, either on a stream of one or 
more of the fluent chemical materials or otherwise and caused 
to react with the fluent chemical or chemicals in the presence 
of the beamed radiation. In a preferred form, the beam is 
generated by a laser or electron gun and contains substantial 
heat energy which may be utilized to affect or improve the 
chemical reaction. In another form, the beam may comprise 
a beam of molecular particles and may be combined with one 
or more additional beams to affect a particular chemical or 
physical reaction. In another form, one or more streams of 
a fluent chemical or chemicals are directed against a select 
area of the surface of a solid material, such as an article 
of manufacture or a chemical, and a chemical reaction is 
affected therebetween which involves^ a transfer of energy 
from the beam to the chemical or chemicals and the material 
of the work to melt, cut, vaporize, coat or otherwise affect 
the surface of the solid material. 
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Accordingly it is a primary object of this invention 
to provide a new and improved apparatus and method for 
reacting on - m ater i al cmplo - y iixg a fluent materialman radia- 
tion generated as one or more collimated beams of such radia- 
tion and directed into the fluent material. 

Another object is to provide a new and improved chemical 
reaction apparatus and method involving a fluid or fluids and 
a high intensity beam of radiation wherein the radiation boaro — 
is caused to predeterrainately intersect and react on the 
chemical or chemicals of the fluid. 

Another object is to provide a chemical reaction 
apparatus which employs an intense light beam generated by 
a laser intersecting a material which is continuously or 
intermittently fed through a reaction zone. 

Another object is to provide a method for effecting 
chemical reactions utilizing coherent light energy generated 
by a laser. 

Another object is to provide a method for effecting 
chemical reactions utilizing a stream of electrons generated 
by an electron gun. 

Another object is to provide a method for effecting 
a chemical reaction using radiation generated in two or more 
different forms and caused to intersect material to be reacted 
on thereby^ either at the same location or at selected locations 
one of which is downstream of the other. 

^ Another object is to provide an apparatus and method for 
effecting a chemical reaction by causing two streams of fluent 
material to intersect ^ a reaction zone and directing a beam 
of intense radiant energy at or near said reaction zone to 
transfer at least a portion of such radiant energy to the inter 
secting fluid streams. 



Another object is to provide a method for reacting on ; 
a stream of gaseous molecules which are controllably directed i 
through a reaction zone of a reaction chamber with intense radia- ; 
tion in the form of a narrow beam of radiation intersecting said ; 
stream of gas molecules. 

Another object is to provide a method for reacting on 
matter in the form of a free flowing stream of gaseous molecules , 
by directing a beam of coherent radiation from a laser to inter- . 
sect a predetermined location of said stream. 

Another object is to provide a method for effecting 
chemical reactions with respect to matter flow as one or more free 
streams thereof through a reaction chamber, by directing one or 
more beams of intense radiation Ui* a laser or. electron gun at 
one or more select locations along said stream. 

Another object is provide a method for effecting chem- 
ical reactions by subjecting the molecules of gas in a free flow- 
ing stream to intense radiation sufficient to substantially raise 
the temperature of such molecules to a degree of excitation nec- 
essary to effect a chemical reaction with respect to such mole- 
cules. 

Another object is provide a method for effecting chemi- • 
cal reactions between two or more different chemicals by mixing 
such chemicals as they flow j^one or more streams thereof and by 
subjecting the resulting free stream of molecules to intense 
radiation^such as generated by a laser or electron gun. 

Another object is to provide a method employing intense 
pulses of beam radiation to react on matter introduced into a 
reaction zone of a reaction chamber. 

Another object is to provide a chemical reaction appar- . 
atus and method for reacting on fluid materials with intense rad- 
iation which, together with the flow of such matter, is controll- 
: ed in its generation by a master controller or a computer. 

With the above and such other objects in view as may 
hereinafter more fully appear, the invention consists of the novel 
systems and methods as will be more fujly described and illustrtj 
ed in the accompanying drawings but it ^understood that changes 
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of the invention a. claimed. 
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Thus with- an arrangement of the type shorn in Pig. 1 whereby 
a plurality of intense radiant energy beamsje directed through 
respective different portions of a window^ are c-BTOJdto^ 
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focal volume, substantially higher temperatures may b^£afc*te*- 
^f^^L c^oeTby means of radiant energy than would . 
be possible by utilizing a single beam of coherent laser light. ^ 
The arrangement illustrated in Pig. 1 may be utilized ' 
to perform a number of different operations on matter disposed ■ 
within the reaction chamber. In the arrangement illustrated in I 
Pig. 1, the reaction chamber 11 is employed as a shock tube 
in which one or a plurality of shock waves are generated by meansj 
of intense radiant energy directed into the tube, as described j \ 
and travel down the tube to react on matter therein or matter j 
disposed beyond the far end of the tube. Certain of the opera- j 
tions which may be performed by such ^shock^e are J--g^*„j^ v 
in applications serial, numbers, 668,561 Nand 501,393^ j 
A If the lasers, 17, T8"and 19 are simultaneously activated 
^h^^tense pulse^Ught energy i^js^ 

each other, intense heating * focal ^XJffi£5^~ 
. ..itniu tho roaotirm ohaafee^HMnear the headed and 
gas or liquid molecules disposed within ^W^focal volume will 
be rapidly heated and expand rapidly outwardly^therefrcm to form 
a shock Jfft a portion of which shock wave^ediately travel^ 
down the reaction chamber while the remaining portion of the shoe 
wave will reflect off the side and^end wall/ of the chamber 
anlTaTso travel down the chamber on fluid therein. 

Working and/or driving fluid or other fluent material may be 
injected through or near the head end 12 of the chamber, either | 
continuously or intermittently in phase with the operation of \ 
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oonneotad to openings lj^and 13« In ^ 
reaotlon chimb er 11 «*=<K«5 material i^tfToey 
.,11 ae^^er portion, (not shown ) of the wall of th. re- 
action ehambe^may be utilised to eerve a. the medium In which 

the .hook mmi ff-«*^ • nd/or *° be *° Mtdd ° n b7 
^J^H^^T^L. vapory particulate material or 

^^^o^troduoed through one or -or. inlet, to the re- 



the l.-er. to produo. »sed«Aoj»toe* re.ult. or reaction., nota- 
tion. 15 and 15' refer to Inlet duot. which are re.peotively 

end vail 12 of the 



action chamber 11 at a predetermined rate of flow to effect 
predetermined chemical reaction, for^fla enaly»l.-«rsmf or 

plication.. l^^JjUj^jZ^ 

me^eaction WS*. 10 illustrated In Pig. 1 **** 

be utlliaed tu nwiliiuu .rn-lr nr to generate a reaction force. 
For example, if a g— °«« or vaporou. fuel 1. Injected through 
the inlet line. 15 «nd 15'. " »• ****** ««nded and ex- 
ploded within the reaction chamber to cauae th. device to be 
operative a. an intermittent rocket or pulae, Jet. If a pl.ton 
16 di.pc.ed within fee reaction chamber end^free to .lid. back 
and forth therein, the rapid heating and, explo.lon and expa».io» 
of ga... injected into fee volume ifc may 

the pl.ton to^aassaawrk either directly^oFindlreotly. Oh. 
chamber 11 may feu. be on. of a plurality of cylinder, forming 
part of an internal oombuation engine of conventional platen- 
cylinder arrangement which 1. operative to drive a abaft or 
other .ui table mechanical mean.. One hot expanding gaaea gan»- 
rated by fee direct rapid heating thereof by the la.er beam, 
or fea explo.lon of combuettbl. mixture, within fee reaction 
chamber A -7 ^ b.3££STte operate a turbine or •»•» 
nlgh-temperature engine. One heat and prcure. generated by 
the .hock wave, or explo.lon. resulting from directing the int*n.e 
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tenant 29 dlapoaed within the volume 26 .unrounded by tii. re- 
action cumber and 1* operative to vapori.e ••Id wire to provide 
netel vapor within the chamber volume 26. Accordingly, the ap- 
paratua 20 may perform one or more of a plurality of function, 
involving the uae of a vaporl.ed metal or ottoer material. For 
example, the reaction chamber 21 may be part of a vacuum metal- 
ll.ing chamber containing object, (not .hown) aituated ttoeroln 
to become vacuum metallised when to. metal vapor, auoh ae alumi- 
num, 1. fomed by the action of the beam, and flow, to the aurfaoe 
of the object. A feeding device 28 for t*e wire 29 i. .itaated 
«terior of the chamber 21 and feed. Ifce^gJ^r wire 29 through 
an opening 2 5 in the wall of 21 at ym**~**+ °* 
wire may be po.itively electrically charged to affect -ui table 
flow of the vapor to the article, to be coated, which may be 
negatively charged. The device 28 contain, a coil .upply of 
ia^wir. and a aervo motor for predetermlnately feeding .ame 
to the beam 27' pas.ed through window 2fc. Provided, but not 
shown in Pig. 2 } i« • ■stable mean, for evacuating air from the 
interior of chamber 21, when neo—ary, to wffMt vacuum metalUa- 
Ing or other production function, employing material evaporated 
from the wire or rod 29 fed to tho beam. 

tte device 20 of Pig. 2 may a^b^uttlixed ae a aouroe 
of vaporoua metal, or otiier material-^ in plama apparate. 
.uoh aa£.gueto hydro dynamic generator^ Accordingly, -ui table 

removing toe £*porou. material fr^&V^hamber 21 volame 
where it le^iUlised. 

in Fig. 3 la ahown a modified form of high temperature 
apparatu. 5 0 including a reaction chamber 51 defining a totally 
enclosed internal volume J1V in which i. di.po.ed a manipulation 
app«ratu. 1*0 for one or more unit, of work ft to be operaUd on 
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by an Intense radiation beam directedinto the volume 31V from 
en external source of' energy a housing 36. -to opening 

32 in the side wall 31* of the housing 31 n*e • or mount 

33 for a focusing lens, 38 which is eealingly secured therein in 
alignment with the output of a source of intenaejight energy 
provided in a housing 36, the flange of whioh^a secured and 
sealed to the side wall 31?. ^lfiht from the source within housing 
36 is directed through, the lens 38 and fooused on a work piece 
U5 which is mounted on a rotatabia baa* _ fcl supported 
t^m^A P-gram JZ^M*>»* (not^howaTf^ 
predeterainately rotating said base to predeteminately locate 
one or more work pieces on bh» top ef the table 1*1 with respect 
to tfao focal point of light 39 **o*& the lentf 38. «»• 
base la secured to arm-l»2 which ia ttie^^^f ■ Ha«al 
actuator 1ft whloh Is jlao eutomattoally-oojatse^atoJU' to move 
the as.oibly^o^le work in srttvc*** parallel to the 
side wall 31a y w^that substantially any -location on the upper 
surface of the work 1j5 may be^ewAlu •! i uu ,,rn " 

l tl n the foousing light energy for scanning seme such as In 

the act of welding or inspecting said surfaoe. Further means 
(not shown) may be provided for either moving the base 1*1' 
a direction towards and away, from the housing 3° to vary the 
location of the f 0^1^^^ beam 39 1» direction above 
the table 1|1» 

Notation 35 refers to a vaouum pump secured to the end 
wall 31b of housing 31 which oommunioates through an opening 3J1 
in said end wall with the interior volume 3*V for removing 
atmospheric air therefrom. Oie apparatus 3<> includes one 
or more doors 1»6 for^talseion and removal of work and may inolnd< 
conveying means (not shown) operative to transport work to and 
from ttoe interior volume 31Vc*rtor to and after it has been 
processed as deserlbed* 
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The operation of the light source in housing 36, varia- 
tion in its intensity* and location of its focal point within the ; 
q '• chamber 31 V^eans^for removing air or providing an atmosphere | 
I within the chamber and the operation of the servos for predeter- j 
~ i| minately positioning the work on table 4t ) may all be under the 

j' control of a single computer or cycle controller^ such as a multi- 
^ !; circuit timer to effect preprogrammed operations on a work piece 
disposed within the chamber. 

The apparatus of Pig. 3 may also be modified to include 
a plurality of windows of the type illustrated and different 
sources such as lasers disposed in alignment with respective of 
said windows for generating, and directing respective beams 
of light energy therethrough to cooperate in scanning the same 
or different areas of one or more work pieces disposed within 
the chamber 31 • 

Pig. 4 illustrates a liquid rocket motor 50 embodying 
(L^ features,.of the invention lu i iettof oro described. The rocket 
motor 50 is provided with a casing 51 having a side wall 51 1 
which is oplmed at one end 53 and defines an internal volume 56 
in which fuel is burned and rapidly accelerated rearwardly 
through the throat section 52 of the casing to generate thrust. 
The &e** h end 54 of the motor casing has a plurality of inlets, 
two of which, 57 and 58, are shown.which are defined by respect- 
ive fuel nozzles mcnmted^bSeredta. and fed by one or more liquid 
f^^^^t or fuel materials, which are igndted by an intense 
radiant energy flight beam 60 generated by a laser mounted in 
a housing 59 supported at the front end of the casing 51. An open- 
ing 61 in the front wall 54 of the rocket casing is either sealed 
by means of the housing 59 or contains a transparent window, which 
is sealed therein through which a beam 60_of ^tenselight energy 
is directed to the interior volume 56 and in ter oooto fuel fcs±*g red 
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^ough the inlet. 57 and 5 8 to^t*. " «- ^ 

fuel may be fad continuou-ly or a. a mUh of intermittent 
Section, into the interior volume 5 6;-hil, the leee, b.«* 
may b. ***** oontinuouely or intarmlttantly *f timed 

tton for a constant flow or^^rroa^t. If the inlet. 57 and 
5 8 reepeetively provide for the admi.-lon or ram air and a oc-bua- 
Ubl. JXuel, *» device 5 0 -ay be operative - a ram J« or pula. 
let with the laeer device in boueing 59 operative to —tain 
coition or effect tfce intermittent axplo.ion of *» oombuatlbl. 

mixture to provide thrust . 

M8 . 5 mu.tr«t« . -odlfl.4 fom of rook* te 
w „. . u«l« or Kl« or.p.11.. ro*.t *«1»S • —»« « 
•O-d hr . «U "° tt0n 
05 ««r th. op. «* of th. «>—•. «»«"- to * "n"** * 

. 70 «i* «t^. «i-iy «- 

U to . polBt n«r th. 1* ml <* •» «"» 1801 

or ». " •. *• 48 to * U ""' lT 

/ - ^iihail/ 70 tO 
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«. „a 7 o. o,.r.of fr».hi.hth. u»* — " °o<"""" 
«, Ighlt. pr.pd.l~t l«.dl.t.l, 1» froht of th. «d of th. 
^1. .fter *Ub .*« * «»»tl».l 

TO4 ^*^»« of .p«i.^ «»- - Lsr*^" 4 70 , 

of th. l...r 1» ho^J. It 1. hot- «h.« 
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or U» ro.U.t or tfcrou*. th. .Id. .-1 » "° 1 " t 

fu.l,*« it i. d..ir- » g ~.r.w I*"*- W 

^ .. r.«lt of . dl-p..- ^ 
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the rocket and preferably Apffvaxi. towfW" *■ to 9***#**r* 
the laaer away from the diredt exhaust gases. 

Pig, 6 illuatratea an apparatua 72 which oomprises a 
pluraUty of reaction ohanbera, combustion chambei^ojp^ooket 
engines defined by notattona 73. Ik, 75. l^maA 77, ahown^ 
paagSd- ai a cluater of four aurroundlng ^internal chamber 77« 
Suoh chambers may alao comprlaa pi a ton-containing combustion 
ohanbera of an Internal combustion engine,auoh aa a gasoline 
or other fuel burning engine, operative to rotate a crank ahaft 
when fuel la burned in the respective chambers In a synchronous 
manner to drive respective pistons coupled by piston rods to 
said orank shaf t. jr- ~-c -ii. 

lhe novel easenae of the Invention defined in Fig. 6 
compri.ee radiation g^er.tad 

by one or more laser, to ignite fuel In ^respective cylinder. 
"A or^n^e^lther simultaneously or in^^ required aequenoe. 
^' in Pig. 6, a s^«le laser Uf ^^J^^^^^^ 

iball movttU and output shs *tT»cTgnr&- -to - jo piH > d e feormin »rbe*y^ 




£ - through whloh intense light energy wy ^^W *»• 
^ single laser 78 when properly 'aimed thereat, aa Ibmw !• 



a. 



Irecti-on of the intense light -beam of- the laser -ao-a«- 
^^^^^^^-t— at each of toe bylindera or 



Combustion ehamoera in eequenoa. One end walla of each of^i^T 
chambers are provided with rcpeottve opentAg. and light trans- 
mitting windows defined by notattona 73V W^'/? 76 '» at °* 



pi vo tally moved on Its mount. Onus, explosions or reactions 
may be intermittently generate by pulsing and-wtng-Ught 
from the laser 78 tfcrough the openings or wlndowa in each of 
the cylindere in aequenoe. me cylinder, may ba arrange a. 
In a conventional internal combustion multi-cylinder angina 
or in any other suitable arrangament^uoh aa -teat-ilta.trated, 
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to generate shaft work or thrust or to create chemical reactions . 

i 

^■oi' other worlr in each of the cylinders. Bundles of optical 

fibers may also extend from a single laser 78 through the walls 
or y the window portions of each of the cylinders 73 to 77 to 
: simultaneously transmit light energy to each for the purposes 
! described. A mechanical or electrical light distribution device 
coupled between the output of the laser and the respective fiber 
optic bundles may be utilized for channeling each pulse or group 

; of pulses generated at the output of the laser to respective of 

i. 

! the cylinders in a desired sequence. 

v In lieu of pivotally moving the housing for the laser as 

! described to control the direction of the laser beam, it is 
£ noted that an electrical deflection means^or an optical device 
s: such as a mirror, or prism mounted within the housing^may be 
pivoted or otherwise .driven and utilized to deflection control 
^the beam tc^'San^e^^ve of the cylinder windows or optical 
fiber bundles extending thereto. 

Pigs. 7-10 illustrate a number of beam transmitting and 
k fluid flow arr'angement^ ^»^^ or cooling fluids and 
!'■ intense radiant energy beams wnich ((re applicable to the appar- 
I: atus herein described. In Pig. 7 is shown an intense radiant 
energy beam 83 such as that generated by. a laser and directed 
^ along a liquid or gas- fluid stream o^which may comprise a 
swiftly flowing gas', or liquid which is operative to either 
i' shield the beam from the surrounding atmosphere, transfer heat 
j from work and material adjacent the area intersected by the 
j. beam and/or to cooperate with the beam in performing one or more 
j; operations on a work piece. The fluid stream 82 may comprise a 
J*£high velocity flow of an inert or a reactant gas^which may be 
operative to chemically or physically react on the material of 
the substrate intersected by the beam 81. Oxygen, for example, 
will serve to rapidly oxidize the material intersected thereby 
in the beam for cutting or erosion purposes. If the beam 81 is 



to be 
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utili5ed to weld, - gas 'a ».y be an inert gas operative, 

to protect the heated an, we W .d portion of the wor* 
thereby. T,. -m, flcing .olecule.of the gas stres. « »a» 
also be op.ra.le to cause «n» - ""^ 
has heen ..»ea b, bee. 8. a«ay fro. the area of the substrate 

oo +« effect the selective shaping 
intersected by the beam so as to effect tne 

of one or more portions of -the work. £ 

in Pig. 8, a hollow, fluid stream 83 is generated^ ^ 
ga seoue or vaporous interior volume 84 through which volume an 
in tense electron or light energy beam 81 is directed. If 
sect ed against a wor* piece which is adapted to » « 
we lded by means of the beam 81. the oac*et of inert gas 83 may 

„ bv the beam 81 from teat 

operative to protect -the area heated by the 

corrosion. ^ ^ ^ >rosi<m ^^t in 

„hicb a bel, 8, cf intense light en.^such as an electron or 

iaser b.s», i= —d against the. surface of a 

^ same area the bea, intersects is also intersects, by a gh .., 
! elocit, gas or li,uid .et.strsa. « — - operative » 
; ca use the no. of .ate^eit.d h y the be^awa, fro. he area 
I' intersected hv the bea. ttcooperate 1th the be» in cutting. 

., ttru ., fi p reacting on the work, 
: eroding, welding or otherwise reacting 

. eroding, lllu . tr .t,a in Kg. 10 herein a 

Another arrangement is inu» 

.„<.„t energy beans, two of which 87 and 
} plurality of intense radiant energy . 
I 88 are shown, are generated snd focused against a small 
f. the surface of the .or, « -hll. « ^j^" 

„ l«uid fluid or particles is directed against substan «ally 
! 1 area of the .or, intersected b, the bee.. *h. apper- 
i: „, „ he utilised for welding, cutting, erosion, t 
\ chcicel reaction purposes and the bea.. as -U « ~ « 

„ nuid 8e .a, he pred.ter.in.t.1, control in int^l and 
|| canning „ov»ent to effect a predete-ined operation - 



work. 
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The beam and fluid flow arrangements of Pigs, 7-10 may 
be applied to any of the herein described apparatus for the pur- 
poses of reacting on solids, liquids or gases disposed in a 
closed or partially closed chamber for chemical processing, 
inspection, testing and analysis of materials, surface erosion, 
cutting, welding, heat treating or otherwise processing matter. 
Applications of the beam-fluid arrangements shown in Pigs. 7 to 
10 may include, in addition to those shown in Pigs. 1 to 6 
wherein the fluid stream or streams may be generated exterior 
and/or interior of the reaction chamber, other arrangements as 
follows: 

; : I. The fluid streams 82,83,85,87 and 88 of Pigs. 7 to 10 

j: may contain one or more chemicals in gaseous, vaporous or solid 
]' particulate form to be deposited on that area or areas of the 
j surface of the work piece intersected by the beam and heated or 
I melted in a manner such that the material carried by the fluid 
^ stream either combine^with, or is molecularly bonded or welded ' 
\ to the substrate upon solidification of the molten material after 
j! the beam has been moved or terminated. 

j! II. Fluid, such as a gas, may be so heated by the beam of 

j; intense radiant energy 81 directed therethrough as to effect 
\\ selected heating, burning, melting, vaporizing, softening or 
j: other operation on the work intersected by such heated fluid 
! stream. The beams 81, 87 or 88 may be continuously or inter- . 
j mittently generated simultaneously with the initiation of flow j 
ji of the fluid stream or between pulses of fluid stream applied to 
j: the work. In this connection, the beam may be used to spot weld ! 
or, heat treat a selected portion or portions of the substrate or 
work and the fluid stream may be used to cool the melted mater- 
ial or to prevent its heat corrosion immediately thereafter. j 
III. The described fluid streams may contain abrasive ■ 
particles operable to erode the surface intersected thereby i 
wherein the beam is operated to heat the surface abraded by such I 
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particles to facilitate the abrading action. If the particles • 
are to be deposited to form a coating on the work piece, they 
and the work piece may be heated by the beam to facilitate and 
improve the coating action. 

IV. Two or more streams of two or more fluids such as 
gases or liquids or combinations of such fluids, either one or 
both of which contain an intense radiation beam directed there- 
along, may be caused to intersect each other so as to_ef feet chemr- 
ical or molecular reactions resulting at least in part from the 
temperature of the radiation employed. 

V. Particulate coating or deposition material may be ; 
controllably introduced into the fluid streao(s) and melted or .; 
vaporized in transit therealong to permit such material to be j 
coated or plated onto the work or substrate intersected by the • 
stream and/or beam, The substrate receiving same may be heated ; 
ty the beam and hot fluid heated by the beam to render same j 
molten or at a temperature high enough to facilitate or effect j 
coating of the solid particulate or molten material carried by : 
the beam on the substrate. 

VI. Work material erosion or machining resulting from the • 
fluid-beam arrangements of Pigs. 7 to 10 may include, in addition^ 

|| to cutting, boring., drilling, controlled material removal, 
|| deburring, and the. softening of metal to render it easier to be , 
!j machined by a cutting tool, the movement of material from one j 
|| location to another on the substrate by the mechanical force of j 
[, the fluid stream reacting against the softened or molten mater- 
lj ial rendered in such condition by the beam and the heated fluid. 
VII. The arrangement shown in Pig. 8 may define a tubular 
member (93) of metal or ceramic^along the interior passageway 
84 of which an intense laser beam is directed to intersect the 
work. Vapor of the material of the work piece^formed by the 
intense heat of the beam pulsed in the tubular member may be 
drawn through the tube by applying suction thereto and may be 
analyzed when so drawn off by suitable automatic analysis means. 
The pulsing of the beam and the application of vacuum pressure 
to the ta£ may be automatically controlled to effect a prede- 
termined sampling and analysis. 
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Modifications to the apparatus described may include 
the elimination of light transmitting windows In the wall of 
the reaction chambers and their replacement with small openings 
in the wall of the chamber which may remain open during the 
operation of the apparatus or may be closed immediately after 
passage therethrough of the intense beam or beams of radiant 
energy. For example, a small opening in the wall of the reaction 
^chambers or Pigs. 1-Jperhaps two to five times the diameter of 
^the radiation bearn^ may replace the Illustrated translucent 

windows for allowing the passage of intense laser generated light 
to pass from the exterior of the chamber to the interior thereof 
Larger diameter openings may be provided if a valve is disposed 
and operates to close the opening or passageway leading thereto 
immediately after the pulsed beam has passed therethrough. If 
kthe opening is employed per seethe atmosphere within the chamber 
may be controlled by pressurising same with suitable Inert or re. 
action gas. Vacuum may be retained within the reaction chamber 
by controlling the atmosphere within the duct leading to the 
chamber and terminating atethe wall portion containing the small 
/^opening. In certain specialized equipment and mode^of operation, 
the^reaction chamber may be closed and the intense laser or 
electron beam may enter said chamber by boring a small hole in 
the wall of the chamber to effect the desired chemical reaction. 
The hole may remain to accomodate and pass subsequently generate*, 
pulses of intense radiation or may be automatically sealed off 
by means of a suitable sealant associated with or encapsulated 
within the chamber wall. A subsequently generated beam may also 
be utilized to seal off the- opening bored by the 
fat is also noted that gas^ directed along the bean as^WTin 
^Pige. 7 and J^may also be employed to prevent air or other 
contaminating material from entering the small opening in the 
chamber wall during the operation of the beam. Particles directejl 
along the gas stream and/or beam per se may also be employed to 
fill and close off tthe hole bored by the beam in the chamber 



wall. 
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^ Fig. 11 illustrates further detalls^ d lmprovom o nto t wr 
the instant inven^oAg^ means *rtrT*e*ite* for controlling 
the admission of material to a reaction chamber such as a 
chemical reactor or rocket engine and the generation of intense 
radiation for predetermlnately reacting on the material ad- 
mitted to perform one or more of the described functions of 
heating, causing chemical changes therein, generating thruBt 
l^or -gonoratlne gas at high pressure: Control means are provided 
in Pig. 11 which may be applied to the hereinabove described 
embodiments with obvious modifications without departing from 
the nature of the invention. 

In Fig. 11, a reaction apparatus 90 includes a reaction 
chamber 91 having a suitable side wall ^^ and end wall portions 
93 and 94 preferably of spherical or bulbous configuration and 
made of a suitable high temperature, high strength metal, metal 
laminate or filament wound composite such as boron, boron 
nitride, boron carbide or other high strength filament reinforced 
metal, metal alloy, ceramic or carbon material capable of with- 
standing high temperature and pressure. A small window or 
opening 95 is provided in the end wall 93 thru which an intense 
radiation beam by be directed from a beam generator such as a 
laser or electron gun 102' located in a housing 102. The beam 
is directed along a tube 101 thru a valve. 99 which is aligned 
with opening 95 and secured to the end wall 93, The valve 99 
is operated by a solenoid or motor 100 to open. and close 
intermittently under the control of a master controller 150 which 
generates control signals in sequence to control the variables of 
material admission beam generation and, if necessary, material 
exhaust or flow from the chamber when a start-switch 151 is olosejl. 

Secured in alignment with a plurality of openings 97 and 98 
in the chamber wall adjacent the window or opening window 95 are 
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respective valves 106 and 112 which are operated by respective 
solenoids or motors 107 and 113 which are also controlled in 
operation by signals generated by master controller 150. Inlet 
ducts 108 and 115 extend from respective reserviors 109 and 115 
of liquid, gaseous,, particulate or vaporous material to be 
flowed through ducts 108 and 115 and valves 106, 112 to the 
^interior 91V of chamber gi^pref erably along predetermined paths 
or streams of particle or fluid flow such that it may be detected 
within the chamber and/or predeterminately intersected by the 
beam of intense radiation. Notations 110 and 117 refer to re- 
spectlve notore or. other f o r m of electrically controlled servo 
devices which may be. automatically controlled by signals generateji 
on input lines 111. and 118 extending thereto from the master 
controller or computer 150. 

While the apparatus 90 may be operated as a rocket engine 
l^c/^^We^^^s¥^^SSots of reaction through an open 
end thereof # flown in Fig. 11 is an exhaust opening 96 to the 
chamber91 and a valve 127 secured to the end wall 9^ in align- 
ment with opening 96 for controlling the flow of products of 
reaction from the. chamber. The valve 127 is controlled by a 
solenoid or motor 128 to open and close in accordanoe with contro|L 
signals transmitted thereto on a circuit 129 as will be described 

The intense radiation beam generator in housing 102 is 
operated .to intermittently generate; pulses of radiation by a 
^c^e^'whfch may operate in accordance with the teachings 

of my copending aDD^cations^erialUumbers^ b56.876 (lUU*^) 
and 12, 082 C l kt "herein a radiation beam of the de^ed^en- 
,/^sity is generated thereby and directed along tube lOl^-t&w* open 
valve 99 and into chamber volume 91V in response to a trigger 
signal generated on the input 10if to the beam generator trigger 

control 103. The trigger pulse may be generated either as a 
direct output signal of the master controller or computer 150 
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or by means of logical circuitry to be described depending on 
the mode of operation desired and the particular reaction para- 
meters. In Pig. 11, a double throw switch 10*f may be manually 
operated to connect the input 10^ to the beam generator trigger 
control 1Q3 either directly to an output of master controller 150 
or logical switching means 123 to be described. 

If the beam operated reaction occurring within chamber 91 
is of such a nature- that timing control means may be employed to 
control the admission of material to the reaction zone of the 
chamber and the operation of the beam generator, and removal of 
reaction material, then master controller 150 may comprise a 
multi-circuit self -recycling timer or open loop computer. How- 
ever, if it is desired to fire the laser or electron gun to cause 
the beam topredeterminately react on a quantity of matter injec- 
,/£ted into the chamber^ and variations may occur in the operation 
of the system, then .the material injected thru either or both 
the inlets 97 and 98. may be sensed and detected by a device 
such as a photoelectric or Anfra-red detector 121 disposed in 
,the wall of the chambe^^^W^%e^^e to generate a 
detection signal on its output 122 which is amplified in am- 
t -^plifier 121A andM^pplied to one input of a logical AND switching 
^circuit 123^ the other input to which has been energized by a 
signal generated by master controller 150 when both the inputs 
^of circuit 123 are simu^neously energized^^signal is gen- 
^erated on 4fce> output^^rh^^s transmitted to activatethe 

beam generating trigger circuit 103 of the laser 102. The valve 
^ ^99^ through which the- laser beam is passed^ into volume ^VjW 

either have been opened by a signal generated by master con- 
6 \7 troller 150 and applied to the valve servo- or solenoid 100* -fcr- 
^^levalve solenoid 100 may be pulsed to open by a reproduction 
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of the signal generated on the output 125 of AND circuit 123. 
The characteristics *f,the valve 99 are Buch that it. will 
[^remain opej^^^P^n^for a sufficient time interval to allow 
the pulse of radiant energy generated by laser 102 to pass 
therethru before it closes immediately after the passage of 
the beam therethrough. 

The output signal of AND circuit 123 is also passed to a 
delay relay or delay line 130 which is preferably adjustable to 
cause it to generate a control signal for. pulsiM a solenoid 
^128 for operating an exhaust valve 12^B^eo^amber volume 
91V and exhaust line 126 for allowing'the products of reaction 
to controllably escape or be exhausted from the chamber. The 
valve 127 may also be eliminated for those applications where it 
is desired to cyclically exhaust material from the ohamber 
immediately after and as a result of the direct pressure in- 
crease caused by the intense radiation of the beam and/or the 
resulting explosive reaction. Valve 127 is used where it is 
desired to Increase pressure and retain reaction material in 
the chamber for aJ^e^rCwd time interval after one or more 
pulses of radiation and one or more quantities of reaction 
material have been injected into the chamber. 

In Pig. 12 is shown /further means for controlling the 
operation of the radiation beam generating means in accordance 
^,with the operation of a high speed valve wherein valve^operation 
^controls the pulsing afth^flaser or electron gun. The valve 
134 of Pig. 12 is a rotating cylinder 135 disposed In a seat 
137 located between duct 101 and chamber 91 and rotated by 
means of a speed controlled motor 138 to align a small hole 136 
extending diametrically thru the cylinder 135 with respective 
inlet and outlet holes 139. 1^0 in the valve seat. When such 
alignment is effected during each half revolution of the valve 
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^^cyllnder 13£, the laser or electron gun is pulsed by a signal 
generated by a limit switch 1*1 which is actuated by a can 
142 on the shaft 1*1 supporting cylinder 135. The limit switch 
^HQ , shown mounted exterior of duct lOl^may also be a photo- 
electric cell and control or proximity switch scanning suitable 
^indicia or magnetic markers on the cylinder or motor^shaft^/ 
/. to. generate pulses during each half revolution oj^BftgfP44*- 
which pulses are passed to the trigger control 103 of the laser 
or electron gun in housing 102 and may also be applied to open 
valves 106 and 112 by pulsing their solenoids or -fmtetng- pump 
actuating means for admitting charges of one or more reaction 
materials from reserv-loira ^109 and 116. 
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The master controller 150 may comprise a solid state programm-j 
ab le electronic controller or computer fabricated of microelec- I 
tronic circuitry with either a fixed or a variably programmable j 
m emory or memories which are programmed to optimize the particular j 
reaction or reactions which take place in the, volume 91V by gener- . 
gating control signals for control linj^d /or reaction fluid j 
flow and laser operation for igniting or providing radiant energy { 
for the purpose described hercift ' 

The apparatus 90 may be employed per se or in combination 
with one or more other devices or systems for effecting such funct^ 
tions as the generation of heat for direct or indirect conversion j 
. to electrical energy and/or the performance of work, a chemical : 
reaction per se, the incinerations of a waste material or a combin, 
ation of such functions. Suitable heat transfer means, such as a | 
water jacket or the. like , may be disposed around the wall 92 of \ 
the chamber for cooling same and for transferring the heat of 
reaction to heat transfer apparatus such as a steam generator for ; 
operating a steam turbine or cogeneration system. 

While/ one laser .102 is shown in FIG. 1, a plurality of sgdt- 
able JS^may be .mounted around the chamber 91 each^oper-^. 
\j ablf to generate and direct e^h~ a «*e**y beam of coherent radia- 
tion through a respective window in the chamber wall. An advantage: 
• of using such a lasar beam generating system for effecting a chem- . 
/> ical reaction or Motion of fuel^is that the energy of^he be«^ 
■ will react on afd be transferred to the fluid or fluids, through^ j 
' which the beam passes along the length of the beam passing ^ere- 
Jj&M^t^s providing an extended path along which reaction or 
combustion takes place whenever the beam is generated and so dir- 
ected. 

Notation' 102 may also refer to other means for generating or 
' providing collimated radiation for effecting chemcial reactions 
; and initiating combustion such as an electron gun, a molecular 
beam generator, a source of neutron radiation including cold neu- . 
tron radiation, a source of gama radiation, a particle accelerator 
S or a plurality of same. i 
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Additional, forms of the invention are noted a. foUcws. 

! T he apparatus 10 of Pi,. 1 « t. employed for the 

purpose of generating thrust in a puised manner, 
purpose rook et.m addition to 

eposes, such as - — — " 

-tri: : - - — — — ° f the -~ i 

in the gas ^ aicected „ inters>ct . 

,r .ore beams 17 ,18 and ^ ^ 

focal area or worUng.region may » 

machine by vaporisation or otherwise finish an a t ^ : 
disposed in region u. or effect a' ch^cai.- reaction or react 

or .ore fluid chemicals introduced into the 
with respect to one or .ore ^ 

v ol»e 1« of the cha^r 11 as ^ ^ „ y optie 

»■ - »' « - ^ ; ^ , into several or .ore 

any splitting the single beam of the laser 

„ or different intensities and directing each 
W» ° £ lhe Sa " e " .„„ to the chafer or thwjh 

j b ea* through a different window or opening to <| 

th e — window or opening. ^ ^ rf j 

2. The apparatus of Fig. 2 may oe I 
■ laser or a plurality of lasers to both , 

q ntiiizina a single laser uj. « v 

Zi:Z. lithin an enclosed ch^r and ^ ^ 

„i actively deposited on a substrate or suo- 
-.iai to become selectively 
our metal to like dispose 

tra tes such as microelectronic circuit chips or the 
strates, such fabricating nucro-i 

ed on the conveyor or platform 41 of Fig. 

Such vaporized metal (s) may be caused to 
electronic circuits. Such vap 

fhp circuit substrate by means or 
selectively deposxt on the circuit 

e d laser beam or electron beam 3, or a plurality of same 

3 An internal combustion engine employing multiple 
•>,., means for converting combustion 
cylinders and pistons or oth me ^ ^ 

en ergy into wor* in the manner ef ecte y ^ ^ 

pi ston engine, may have fuel lilted >n 

, • directed through respective optical fiber 
laser light directed laser to each cylinder wherein 

f „. a single laser, such a. » ^ " ^ ^ te „ 

th e fiber optic cabie -tends - J ^ 
against or within, an opening in such 
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#~ — u,„ t ftom the flag*-- ^ to 

/ °l>«c bundle „„ ^-"9^°* the u 

I th « . S ' °" e * «»e « in , '° — » « the liH 

j ««t l9nitiM of .„» S e, uence Md 

Ji? *.u beams at a ^ • 9 dev ice s ODP * 

« 'he chamber 91 eith * lnt ° r focal f " 

1 is dl - 3 e * th *r continuo usly * ° al area within • 

L dlreCted inlet 95 f * of fluent matt / 

f ° f * or pwp l02 95 fro * a -ppiy 103 there o f fed by 

/ ^enti^i • inte «»ittently tr> . 7 means I 

/ • Uy lnte «ect raatter Uy t0 ^"Itaneously Gr 

l( intermittently fed 6r a * such focal area as / 

.'i 5 - In pig. „ . y ° r v alve 95. 

? e «ted i aser , * 3 Sin ^e continuous or ■ 

Jr 95 , ' Sle6t ^ or" mol ecular b " inte -itt ently gen 

<^x 95 in the wall iar be am passed <-h - 

« i^ Chamber 91 ^ay be U9h °P en i»9 

i/ ^ersect one or m ° C ° ntro Hed and ^ • ' 

// or "ore of the * directed to 

/ th * openings 97 . „ treams ° f latter int „ 

1 reacting J " * ^ Wall f 

^> t«g thereon and creatine, Dh ^^terminately 
**• nucules „ ? PhySicai and /or a£^* 



reacting th " the ch ^er Wall f thro ^ 

^> t«g thereon and creatine, Dh ^^terminately 

— ules or particles ^ P hySiCal —cal 

— - -tter may be " ^ « I 

7- - or co^niii :;r s ' vapor °— - 

a - — to ch^ ically o ; S co °^— ~ Afferent fflatter ' 

/ - - ^yond the i 0cation ^J^' «"* as in alloying I 

d ther eagainst. In 



I other words, two or more streams of matter may be caused to inter- 
j sect within the chamber 91 and react when they intersect as the 
jj molecules or particles thereof are heated or irradiated by two or 
^beam^of intense radiation of the type described, whereafter the 
;j products of such reaction or reactions that occur in the chamber 
are continuously or intermittently removed from the chamber as 
described. The entire continuous or intermittent flow of fluid (s) 
or particles and operation of the one or more radiation beam gener- 
ators is controlled automatically by a single master controller 
or computer 150 as described. 

6. The intense radiation beams generated by the lasers 
or electron gun means described above may be subject to one or 
j more of the following modes of operation to enhance or improve 

the operations described. For example, conventional means, -such 
las a servo operated or ga p or ri number ofr vibration imparting means 
may be employed, to deflect a mirror or mirrors receiving laser 
generated radiation for controllably causing the beam to scan a 
select volume within the combustion chambers 11,21,51 or 91 while 
the beam is continuously generated during such scanning or is rap-j 
idly pulsed to, cause combustion or reactions to occure'' at a plur- 
ality of locations within the combustionuchamber or zone therein. 
In Fig.l the tljree beams 17' ,18' and 19' may be synchronously 
scanned and/or . rapidly pulsed to rapidly effect combustion or reac- 
tion at a plurality of locations in the gas column 14. In Fig. 2 
the beam 27 1 may be caused to scan a portion of the end of the rod 
or wire 29 to better vaporize same. In Fig. 3 the beam 39 may be 
computer controlled in its focus and/or deflection to cause it to 
variably vaporize or otherwise affect the surface of the work. In 
FIG. 11 the l?eam or beams described may be caused to scan and/or 
rapidly pulse ; for effecting combustion or reactions at different 



closely spaced or oiaYS Sge 7 locations within the chamber 91 during 



,each cycle of operation as the fuel or maSf^rare continuously 
or intermittently introduced. Since the laser beam itself does 
not diminish very much in intensity as it passes through the reac- 



tion chamber or chambers, if a reaction chemical or fuel is caused 
to flow through or fill a substantial portion of the chamber vol- j 

ume 91V, reaction or ignition will occur along the length or path j 

i 

of the beam within the portion of the chamber containing the fuel ! 
or reactant(s), thus providing an improved reaction process. A ! 
plurality of intense collimated laser beams will thus initiate 
ignition or effect a reaction along the path the beam travel 
through the fuel or reaction chemicals. 

7. In a particular form of the invention, one or more 
lasers may ;be controlled to rapidly pulse in synchronization with 
the operation of a beam deflection control means, to provide one 
or more pulses of intense radiation directed at different respect 
ive locations or along different paths within the reaction or com- 
bustion chamber. If the combined pulsing and beam deflection 
occurs rapidly, say hundreds of times per minute or per second, 
since each pulse or group of pulses travel a different path, a 
substantial portion of the volume within the reaction chamber may 
be scanned and heated or irradiated by the multiple pulses direct 

ed along different select paths through the chamber, thus provid- j 

i 

ing rapid and more complete reaction or combustion phenomena. , 

8. One or more mirrors or reflecting surfaces disposed 
at fixed locations within the combustion or reaction chamber may 
be employed to cause a single beam or a plurality of beams direct-^ 

ed into the chamber thereat to reflect therefrom and be directed j 

i 

along the same or different paths through the chamber to permit : 
the beam energy to react on different molecules of fuel or react- | 
ants existing along the different paths of the beam or beams to 
effect more complete and more rapid reactions and/or combustion. 

9. In addition to employing lasers and electron guns for 

j 

generating and directing the collimated beams of radiation for 
use as described above, other sources of suitable collimated rad- 
iation, such as sources of molecular beam, conventional and cold 
neutron energy may also be employed per se or in selected combi- 
nations thereof. 
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10. One or more light pipes, such as single rods or 
fibers of glass, plastic or thje like or bundles thereof, may be 
employed to conduct intense li jht energy, such as generated by 
one or more lasers located externally of a reaction or combustion 



chamber, such as chamber 91 of 
ed, such as triggering a react 



FIG. 11, for the purposes describ- 
jlon or effecting and continuing a 
reaction between one or more streams or charges of a gas or gases, 
a vapor or vapors, particles or combinations of such forms of 

or intermittently into a combustion 
pipe or pipes may be sealed to 
welded or otherwise secured in 



matter introduces continuously 
or reaction chamber. Such light 
the walls of fittings which an 
openings in the wall of the re 
at or below the inside sywrrace 
may extend a distanoe^ into the 



such external lasXng means fron the end of the light pipe to and 



through the i 
f lectors or yfni 
be used to, 
along a s 



for effecti 




be formed and directed parallel 



the light pipe while intense la 
through and is emitted from an 



described above, by the light 
pipe. Such gas may also be used 
the light beam directed from 



on chamber and may terminate 
of the chamber wall or walls or 
chamber to direct laser light from 



te /chamber. One or more re- 
Zend of each light pipe may 
/om the end of the light pipe 
irough the chamber 



mbustion or reactions as described. 



11. A gas, vapor, plasma or particle fluid stream may 



to a light pipe as described, with 



the light pipe within or closely adjacent such stream for cooling 



ser light energy is directed there- 
end of such pipe. The fluid mole- 



cules passing the end of the light pipe may be reacted on, as 



emitted from the end of such light 
to cooperate with the energy of 
tine end of the light pipe against a 



surface of a workpiece for ercding, melting, welding, surface 



finishing, implanting matter 
thereon, machining or otherwi 



herein, plating, chemically reacting 
5e affecting same. 
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Further variations 
the apparatus described herein 
broad invention are noted as 



the structure and operation of . 
which fall within the scope of the 
follows : 



1. As previously ncted, the apparatus of FIG. 11 may 
be operated as a combustion o± chemical reaction chamber for 
effecting chemical reactions toith respect to one or more elements 
of compounds fed to the reaction zone of chamber 91 as one or 
more fluid streams thereof which streams may contain one or more 
gases , vapors , particle elements or compounds or plasmas or com- 
binations thereof introduced as continuous or intermittent flows 
through the inlets 97 and 98. The continuous or pulsed beam of 
laser light , electronc, molecular energy or other form of radia- 
tion may be directed to a Ideation in ' the volume 91V* where the 
streams of reaction material (intersect each other as shown in 
FIG. 11 , may intersect eithdb^-or^ both streams before they inter- 
sect each other or may be^ directed along either or both of the 
streams as shown, §6r example, in Figs. 7 and 8 for heating, 
preconditioning / triggering! or effecting a variety of chemical 
reactions. 

'the flow of one or more streams 
of matter /partaking in tpre cfhem&cal reaction, into the reaction 
chamber i(s preferaj^ ef f ec^ed\^ndej>-c56mputer control wherein 
a single cc*m?tfter or master| controller also controls the opera- 
tion of the beam generating! device or devices which may comprise 
one or more lasers, electrojn guns, molecular beam generators 
or combinations of same. 

Various types of lasers may be employed in the "apparatus described 
to perform the function descrilbed. They include so called C0 2 , CO,N 2 0, 
and other high power or mfegawatt lasers as well as chemical lasers 
such as so called HCl,DClj,HF lasers operated for relatively long 
durations or pulsed for periods in the range of 250-1000 nanoseconds 
or longer. For many applications, a carbon dioxide or C0 2 laser 
will suffice for the purboses described, in terms of energy, power 

and controllability, generating radiation intensity in the range 
7 

of 125 mV per MW/cm or greater. 
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The apparatus of FIGS. 7 



production, purification and er richment of certain materials 



by imparting high intensity cor 
as infra-red radiation or other 
ing molecules of a gas, liquid 



reaction zone of a reaction che. 
Uranium 235 may be separated 
same/means of one or more lase : 



12 may also be employed in the 



centrated laser radiation , such 

form of light energy, to free f low- 
er plasma or particles of solid 



material flowed on a gas strean and directed as described into a 



jnber. For example,, isotopes such as 
rom other impurities in a stream of 
s applied as described and tuned in 
their operation to effect separation of the constituents from the 
free flowing molecules of a stjream or streams formed and directed 
as described and intersected by one or more of such laser beams. 



Other chemicals which may be 
include, in addition to urani 
boron 10, carbon 13 and a var 



enriched or separated from impurities 
urn 235, such materials as pure silicon, 
;.ety of other fine chemicals, radio- 



isotopes and catalysts. The apparatus and methods described above, 



particularly illustrated in FL 
in the synthesis of such ch 



materials as coal and other x. 



GS. 11 and 12 , may also be utilized 
:als as sulfuric acid , amonia , toluene , 
nitric acid, hydro chlo^c" acid , isobutylene ,dichloroborane in pro- 
cessing which will/often yield chemicals of 100 percent purity 
of the desired/product which nay be controllably removed from the 
reaction chamber as described or by^fEhe^ suitable means. If such 



tides 5*re fed in a gas, vapor or plasma 



stream intfo a react ion^ambe : as des^ribe^T the particles may be 
vaporized bc^auw^rted to gaseous form by the laser beam energy 
and caused to react with one or more other vaporous and/or gaseous 
chemicals in the reaction chamber, with or without the further 
application of laser energy to the mixture. 

The laser or lasers described may be of the tunable type and 
may be selectively tuned in response to signals generated by a 
computer employed to control tie process utilizing such laser 
energy in accordance with computer processing and analyzing signals 



generated by one or more senso 



:s which photoelectrical^ or otherwise 
sense one or more process variables as they occur. Thus the sensor 
121 of FIG. 11 may be employed! to control not only the timing of the 
operation of the laser but alJo the tuning of a variably tunable 
laser by passing its output signals generated during processing to 
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"to a computer so as Vo define input data which is processed by the 
computer and resultslintjie-^eration of command control signals 
in an adapative^c^trbl system, for controlling the tuning of the 
laser or l^ers to opt\imize^fr predetermine the operation of the 

operation. Such computer may also 
le flow of one or more chemicals 
particles through and out of the 
chamber as described. 

In a particular mode of operation of the apparatus described 
above, finely devided solid particles of a first element or chemical 
are introduced into a gas, vapor or plasma stream directed into a 
reaction shamber of the type shown in FIG. 11 and a laser beam is 
generated either continuously or intermittently and directed to inter- 
sect the stream of particles and operated in a manner to effect a 
chemical reaction between the material of the particles and the 
material of the fluid stream. In one form, the particle material is 
vaporized to effect the reaction with the fluid stream material. In 
another form two or more materials in solid particle form are intro- 
duced into a stream of such fluid which is thereafter intersected by 
the described laser beam or beams, wherein either or both the solid 
materials are vaporized and caused to react with each other and/or 
the fluid chemical defining the particle carrying stream. One or more 
particulate materials may also be melted in the stream by the action 
of the laser radiation and deposited on a select area of a substrate 
to form a coating thereon, a component of a microminiature electrical 
circuit or to effect" welding of the substrate or two components which 
receive the molten particles. Such deposition may be accompanied by 
a chemical reaction between the fluid of the stream and either or 
both the molten particles or material of the substrate on which the 
particles are deposited. In addition to depositing, the operation may 
include machining or eroding material from the substrate. 



